azaleas (Rhododendron simsii) (Sanderson et al., 1988) . To date, no published information is available on ethephon application to purple velvet plant.
Photoperiod is commonly used to regulate flowering of daylength sensitive plant species. Beattie et al. (1989) showed that stock plants of obedient plant (Physostegia virginiana) had to be grown under short days to maintain vegetative meristems. Cavins (1999) also found that short days would prevent flowering of young campanula (Campanula medium) plants. Poinsettias (Euphorbia pulcherrima), however, must be placed under long days to remain vegetative (Kofranek and Hackett, 1965) . Stefanis and Langhans (1983) recommended night interruption with light from incandescent lamps (long days) to keep chrysanthemums vegetative.
Light intensity may also influence flowering. Insufficient light intensity is thought to be the primary cause of failure to flower in african violet (Saintpaulia ionantha); no flowers occurred on african violet plants grown at 20 µmol·m (Hanchey, 1955) . The percentage of african violet plants flowering increased with increasing light intensity and duration (Conover and Poole, 1981) . Thus, a combination of shade and photoperiod could reduce flowering of both stock plants and marketed plants. The objective of our studies was to maintain vegetative purple velvet stock plants and finished plants by ethephon foliar sprays, photoperiod, or reduced light intensity.
Materials and methods
Plants were propagated directly into 4-inch (10-cm) [14-fl oz (0.4-L)] pots from tip cuttings using a commercial soilless medium (Universal Mix, Strong/Lite Horticultural Products, Pine Bluff, Ark. (Florel, Lawn and Garden Products, Inc., Fresno, Calif.) . Data collected once a week for 4 weeks included flower number and foliage chlorosis ratings. Chlorosis ratings ranged from 1 to 5: 5 = plants with >25% chlorotic leaves, 4 = plants with 10 to 25% chlorotic leaves, 3 = plants with 5 to <10% chlorotic leaves, 2 = plants with <5% chlorotic leaves, and 1 = plants without chlorotic leaves. Plants were arranged in a completely randomized design on greenhouse benches with 10 single plant samples per treatment.
PHOTOPERIOD (EXPT. 2).
Cuttings were propagated on 9 Sept. 1999, ·s -1 maximum daily intensity) and 8 h of incandescent light (6 µmol·m -2 ·s -1 ) (Cavins, 1999) . The number of vegetative and reproductive shoots was determined every 4 weeks for 3 months after placement of plants in the photoperiods. Plants were cut back after each data collection date to simulate cutting harvest. Twenty single plant samples were used per treatment. T he genus Gynura consists of about 100 species of herbs and small shrubs native to tropical regions of Africa and Asia. Cultivated species such as the purple velvet plant have attractive green and purple foliage and are grown as hanging basket and potted plants (McConnel et al., 1981) . The purple color is caused by numerous small deep purple trichomes that cover the leaves and stems (Kalmbacher, 1975) . While the purple velvet plant is popular with indoor gardeners in North America and Europe, the terminal yellow to orange flowers, which appear from midwinter to early spring, are malodorous and detrimental to sales. The inflorescence is composed of several heads arranged in an open corymb; each head is 0.6 to 0.8 inch (1.6 to 2.0 cm) across and composed entirely of disc florets (Liberty Hyde Bailey Hortorium, 1976) Purple velvet plants must remain vegetative for successful stock plant production and finished plant marketing. Bud abscission and flower senescence of miniature roses (Rosa sp.) was accelerated by foliar application of ethephon (Serek and Andersen, 1995) . Ethephon has also been used for selective removal of flower buds in apple (Malus sp.) (Edgerton and Greenhalgh, 1969) , and a single spray of 200 ppm ethephon applied to rooted chrysanthemum (Dendranthema ×grandi-florum) cuttings 3 d after planting delayed flower bud formation (Cockshull et al., 1979) . A 2000 ppm ethephon spray almost completely inhibited flower bud opening in begonia (Begonia ×cheimantha) when applied in the early stages of flower bud formation (Moe and Smith-Eriksen, 1986) , and 1500 ppm ethephon sprays removed camellia (Camellia japonica) flower buds with minimal abscission of leaves and vegetative buds (Woolf et al., 1992) . Ethephon has been used to induce axillary shoot development and abscission of unwanted flower buds in 
SHADE (EXPT. 3).
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gated on 11 Feb. 2000 under 60% shade in the 8-h photoperiod.
Results
ETHEPHON.
Ethephon foliar application had no effect on flowering 1 week after treatment (Table 1) . Two weeks after treatment flower number per plant was inversely related to ethephon rate. A curvilinear relationship existed between ethephon rate and flower number at 3 and 4 weeks after treatment. Ethephon increased flower number up to 300 ppm; however, higher ethephon concentrations decreased flowering. Flowering was inhibited at concentrations ≥1200 ppm for 4 weeks after treatment. Ethephon was not phytotoxic to the foliage as foliar chlorosis ratings were similar among treatments (data not presented), but ethephon levels ≥1200 ppm stopped shoot development and elongation (data not presented).
PHOTOPERIOD. The vegetative shoot number decreased with increasing photoperiod for all three data collection dates (Table 2) . Effect of the 8-h photoperiod decreased with time as the reproductive shoot number increased from 42 to 96 d after treatment commenced. The 16-h photoperiod produced only reproductive shoots at all three data collection dates. Total shoot number decreased with increasing photoperiod at 68 and 96 d after treatment but the 12-h photoperiod had the highest total shoot number at day 42. Total shoot number increased with treatment time for the 8-and 12-h photoperiods, but not for the 16-h photoperiod.
SHADE. The vegetative shoot number increased with increasing shade at 74 and 108 d after treatment commenced but decreased with increasing shade at 46 d after treatment commenced (Table 3) . Reproductive shoot number decreased with increasing shade. Total shoot number decreased with increasing shade at 46 and 108 d after treatment commenced but not at 74 d after treatment commenced. Total shoot number increased with treatment duration under 0% and 30% shade but not under 60% shade. PHOTOPERIOD AND SHADE. At both treatment times, plants grown under the 8-h photoperiod and 60% shade had more vegetative shoots than any other combination (Table 4) . Vegetative shoot number increased with treatment time for plants grown under the 8-h photoperiod but not for plants grown under the 16-h photoperiod. Number of reproductive shoots and total number of shoots per plant were not effected (P ≤ 0.05) by the treatments.
Discussion
ETHEPHON. Ethylene in ornamentals is used to promote flower formation in bromeliads (Bromeliaceae) and certain bulbous plants (Halevy, 1995) . Low ethephon concentrations (150 to 300 ppm) induced flowering in purple velvet plants (Table 1) , which is similar to results for gladiolus (Gladiolus) (Abd El-Rahman and Abd El-Hamied, 1985) . The differentiation and development of lobes, flower primordia, and the extension of the gladiolus flower spike were advanced as the concentration of ethephon decreased from 100 to 1 ppm, 1 month after planting. Also, 200 ppm ethephon on lychee (Litchi chinensis) shoots induced flowering 7 to 10 d earlier than those of untreated controls, but relatively few flower buds were formed (Chen and Ku, 1988) . The mode of ethylene action in promoting flowering is not known (Halevy, 1990) . One hypothesis on bulbous plants is that ethylene enhances carbohydrate mobilization from the reserve parts to the meristem. However, analysis of sugar concentration in triteleia (Triteleia laxa) corms did not reveal differences between ethylene treated and untreated corms (Han et al., 1989) . Examination of the apical meristem of the ethylenetreated triteleia plants revealed that their apices grew at twice the rate of untreated plants. The increase in size of the apical dome was not due to an increase in cell size but to promotion of cell division. The primary effect of ethylene on flowering of triteleia, and perhaps also in other plants, may be the stimulation of cell division in the apical meristem, which seems to be correlated with apex size and its ability to produce flowers (Halevy, 1990) .
In many plants, exogenous ethylene, applied either as the gas or by the use of ethylene-releasing agents such as ethephon, inhibits or delays flower formation (Arteca, 1996) . High ethephon levels (1200 to 4800 ppm) completely inhibited purple velvet plant flowering (Table 1) . Similar results were found on mango (Mangifera indica) but only with ethephon levels up to 800 ppm (Sauco et al., 1991) . However, the purple velvet plants were stunted, preventing cutting harvest. Also, high concentrations of ethephon decreased the purple coloration of the foliage (loss of the foliar hairs) (personal observation). Ethephon did not produce results acceptable for commercial maintenance of vegetative purple velvet plants. PHOTOPERIOD. All of the shoots were reproductive under the 16-h photoperiod (Table 2 ). Vegetative shoot number was highest under the 8-h photoperiod, which would make purple velvet a facultative long day plant with respect to flowering, with a critical daylength of 8 h or less. Photoperiod also influenced the quality of the cuttings, with the 8-h photoperiod producing the darkest purple color (personal observation). The subsequent production of finished plants under 8-h photoperiods would also produce dark purple plants. However, reproductive shoot number increased with days in treatment indicating the photoperiod alone is not suitable for control of reproductive shoots. SHADE. Increasing the shade level increased the number of purple velvet vegetative shoots and could be used 
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commercially for stock plant production (Table 3 ). The highest percentage of vegetative shoots (93%) was at 74 d after beginning of the 60% shade treatment and decreased thereafter, indicating that plant maturity might play a role in the flowering of purple velvet plants. Lyons and Booze-Daniels (1986) (Table 4) . Armitage (1995) showed similar results in hamelia (Hamelia patens); flowering was delayed under low light intensity, and flower development was completely arrested under 8-h photoperiod. Adams et al. (1998) also showed that flowering of petunia (Petunia ×hy-brida) was significantly delayed when photosynthetic photon flux (PPF) decreased from 13 to 6.5 mol·m , and photoperiods were less than 14 h. Corr and Widmer (1990) 
Conclusion
Purple velvet stock and finished plants should be grown under 8-h photoperiod and 60% shade (230 to 305 µmol·m -2 ·s -1 maximum light intensity) to maintain vegetative growth and reduce flowering. Both 8-h photoperiod and 60% shade were required for greatest percent of vegetative growth (94%) as 16-h photoperiod and shade resulted in 27% vegetative shoots and 8-h photoperiod and high light intensity resulted in 79% vegetative shoots. Long days of 12-h or greater should be avoided. Ethephon sprays were not commercially useful. 
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